Cytotoxicity of phenothiazine derivatives associated with mitochondrial dysfunction: a structure-activity investigation.
Phenothiazine derivatives are neuroleptic drugs used in the treatment of schizophrenia and anxiety. Several side effects are described for these drugs, including hepatotoxicity, which may be related to their cytotoxic activity. Working with isolated rat liver mitochondria, we previously showed that phenothiazine derivatives induced the mitochondrial permeability transition associated with cytochrome c release. Since the mitochondrial permeabilization process plays a central role in cell death, the aim of this work was to evaluate the effects of five phenothiazine derivatives (chlorpromazine, fluphenazine, thioridazine, trifluoperazine, and triflupromazine) on the viability of hepatoma tissue culture (HTC) cells to establish the structural requirements for cytotoxicity. All phenothiazine derivatives decreased the viability of the HTC cells in a concentration-dependent manner and exhibited different cytotoxic potencies. The EC50 values ranged from 45 to 125 μM, with the piperidinic derivative thioridazine displaying the most cytotoxicity, followed by the piperazinic and aliphatic derivatives. The addition of the phenothiazine derivatives to cell suspensions resulted in significant morphological changes and plasma membrane permeabilization. Octanol/water partition studies revealed that these drugs partitioned preferentially to the apolar phase, even at low pH values (≤4.5). Also, structural and electronic properties were calculated employing density functional theory. Interestingly, the phenothiazine derivatives promoted an immediate dissipation of the mitochondrial transmembrane potential in HTC cells, and the EC50 values were closely correlated with those obtained in cell viability assays, as well as the EC50 for swelling in isolated mitochondria. These results significantly contribute to improving our understanding of the specific structural requirements of the phenothiazine derivatives to induce cell death and suggest the involvement of the mitochondrial permeability transition in phenothiazine-induced cytotoxicity in HTC cells.